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Applicability  of  ELISA  on  buffer-eluates  of 
capillary  blood  spotted  on  filter  papers  for 
the  diagnosis  and  clinical  staging  of  human 
schistosomiasis 

K.A.  KarnaL  H.l.  Shaheen.  A.A.  El-Said  * 


The  relative  coiicentrutiom  of  IgM  unci  IgQ  antibodies  (Ab)  to  Schistosoma  mansoni  solttble  egg  antigen  (SEA)  were 
evaluated  in  paired  samples  of  venous  blood  sera  and  buffer'cluates  of  capillary  blood  drops  dried  on  filter  papers.  The 
samples  were  obtained  from  school  children  at  early  and  chronic  stages  of  schistosomiasis  diagtwsed  on  the  basis  of  history, 
clinical  symptomatology  and  parasitological  criteria.  Enzyme-linked  immunosorbent  assay  (ELISA),  simultaneously 
performed,  revealed  paired  .samples  to  display  comlHtrablc  Ah  levels  in  all  cases.  Samples  from  children  with  early 
schisto.sinnifLsis  had  specific  IgM:IgQ  ratios  greater  than  1  [optical  densities  (O.D.)  in  scni  and  ItlotHl  cluates  of  0.77  ± 
0..12  ciikI  0.68  ±  O.JOi  respectively  for  IjjM  uiul  0.52  ±  0.25  unci  0.50  ±  0.25  for  IgCj}.  This  ratio,  lunves’er,  wils  less 
than  I  in  samples  from  chronically  infected  children  (O.D.  of  0.20  ±0.11  and  0.20  ±0.11  for  IgM  and  0.69  ±  0.3 J  ciiul 
0.73  ±  0.32  fm  IgQ).  The  specific  advantages  of  this  .simplified  technupie  are  the  use  of  anti-SEA  Abs  in  fingerstick  hlocnl 
eluates,  rather  than  sera  ofvemms  blood  to  serologically  diagnose  schistosomiasis  and  to  differentiate  early  from  chronic 
infections  {lurticiilurly  when  used  for  mass  screening,  such  as  epidemiologic  surveys. 

Key  words:  Schistosomiasis,  diagnosis,  EUSA,  blood  eluates,  Egypt 


Detection  of  CKKS  in  urine,  faeces  and  in  rectal  biopsies 
remains  tlie  only  accepted  diagnostic  criterion  for  active 
schistosomiasis.  lmm«mxlia{»nostic  procedures  have  proven 
to  l-ie  reliable',  particularly  when  infection  is  li^bt  and  eggs 
are  not  easily  demonstrated.  The  field  application  of  serolo- 
ttical  tecbnii|ue.s  for  dia}>nosis  of  schistosomiasis  presents  .sev' 
eral  difficulties.  Obtaininj;  venous  blocxl  samples,  particularly 
from  children,  is  not  reailily  accepted  iti  endemic  areas. 
Diffictilties  with  serum  separation  and  refriKcration  durinf' 
transportation  to  a  lalxiratory  have  protupted  use  of  fiiiKcr 
stick  bl(K)d  siimples  collected  on  filter  paper  as  an  alternative 
for  sercKliaf’iTosis  of  5c/ii.si().sotnci  numsimi^  and  Schhtostma  liae- 
watobiiim  infections,  as  well  as  of  various  infectious  dis¬ 
eases.''  "  However,  work  was  fiKiiseil  primarily  on  optimizing 
sioratte  conditions  ainl  increasing  durability  of  bhxxl  col- 
lecteil  on  filter  pa|ier  rather  than  comparing  the  seriKliamios- 
tic  reliability  of  blixxl  eluates  frotn  filter  pajicr  to  that  of  serum 
from  venous  bliHKl. 

This  .stikly  evaluateil  the  efficacy  of  ELISA  detection  of  I^M 
and  I^KJ  antilxxliestoN.  iiuiu.suitiettf'antif'en  (SEA)  in  eluates 
of  fingerstick  blinxl  sjxittcd  on  filter  paper  as  compared  to 


*  K.A.  Kamat'.  H.t.  Shaheen’.  A.A.  Et-Said' 

1  US  Navat  Medical  Research  Unit  No.  3,  Cairo,  Egypt 
?  Parasitology  Department,  Faculty  of  Medicine,  Benha  Univeriity,  Egypt 
Correspondence  to:  K.A.  Kamal,  Research  Publication  BrarKh,  US  Naval 
13B  Medical  Research  Unit  No.  3,  PSC  4S2  Box  SOOO-FPO  AE  09835-0007,  USA 


venous  blcxxl  scrum  from  schistosomiasis  positive  and  nefjat- 
ivc  children.  The  potential  of  the  technkiue  in  clinically 
staf'ini’  .schisto.somia,sis  was  also  evaluated. 

SUBJECTS  AND  METHODS 
Study  population 

One  hundred  Egyptian  Ixiys  and  jjirLs  between  6  and  1  i  ycatN 
of  aKC  were  studied  in  November  and  IVcemlxr  I’LS'J.  The 
children  attended  a  rural  primary  scIuh)!  in  the  Nile  della 
where  schistosomiasis  was  endemic.  Informed  consent  lor 
participation  in  the  study  was  niven  by  the  parents  or  nuard- 
ians  of  each  child. 

Tltoroujjh  history,  physical  examination  and  laecal  and  urine 
evaluation  for  parasites  were  done  for  each  study  child. 


Blood  samples 

A  2-3  ml  of  venous  hlinxl  and  several  drops  ol  hlinxl  (rom  a 
fini'crstick  onto  a  Whatman  #3  filler  pa|x-r  were  collecieil 
from  each  child.  Serum  was  .separated  (rtim  the  venous  hl«MKl 
ssimpleand  the  filter  pa|X'rsconiainin}'.si-veral  drops  ol  lin^;er- 
stick  hlixxl  were  dried  thoroughly  at  nxtm  tcmix-ralure,  stored 
in  a  nylon  hajjat  4“Cand  u.sed  within  a  month.  I'or  the  ELISA 
mc.asuremcni  of  anti-SEA  Ahs,  the  dried  hUnxl  s|va  discs 
(approximately  20  |ll)  were  cut  frtini  the  Whatman  filler  |iy 
a  punch  with  a  1 .2  cm  diameter.  The  pa|X’r  discs  were  eliiieil 
ovcrnij’ht  at  4“C  in  1.2  ml  of  0.01  M  phosphate-hullered 
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s:ilino  (PBS;  pM  7.2)  ciintainini;  0.25%  Ixivinc  scniin  nibu' 
inin  (BSA)  anJ  0.05%  Twccn-20  (PBS-BSA-T).  Tlic  scrum 
Jiliition  in  each  eliiatc  after  removal  of  the  paper  disc  was 
eslimateil  to  Ik-  1:100.  TItc  venous  .sera  were  dilutc'd  1:100 
when  evaluated  by  ELISA. 

Parasitological  examination 

Merthiolale  iiKline  formaldehyde  (MIF)  technique  was  utiU 
i:ed  for  the  detection  ol  N.  mamoni  eja's  in  faeces.  Positive 
s;iinples  were  i|ii:intitated  usinn  the  Kato-Katz  metlxKl.'^Two 
slides  Irom  e:ich  laecal  sample  were  examined  and  the  mean 
w'as  consiilered  :is  the  numixT  of  S.  uuinsdiii  cfjjp  per  jjram  of 
faeces.  S.  luicimiiiihimn  cfitp  were  detected  in  midday  urine 
samples  after  centrifut’;il  seilimentation.  The  nucleoixtre  fil¬ 
tration  technique*^'  was  useil  to  quantit:itc  the  intensity  of 
infect ioit  in  those  patients  found  to  he  |xisitivc  in  the  initial 
screeninj;  prixeiliirc.  The  average  e^'j;  count  from  two  10  ml 
samples  was  considered  as  the  mean. 

(diildren  testin^i  nenative  f*ir  schi.stosome  ej^'s  hail  one  to 
three  :ulililional  par;isitoIo)^ical  examin:itions  of  faeces  and 
urine  collected  on  suhsei|ueiit  ilays. 

Enzyme-linked  immunosorbent  assay  (ELISA) 

ELISA  was  lu'rformed  in  %-well  flat-Uittomc\l  (xrlystyrene 
lil.LSA  plates.  Volumes  of  50  pi  o(  sixlium  carixrnatc  buffer 
(0. 1  M,  pi  1 9.6)  containing  2.5  uj'SEA,  preparcil  asdc.scrihed 
by  l5oros(5k  W;irren",  were  useil  to  coat  the  appropriate  wells. 
After  overninht  incubation  at  4'’C,  the  unlxuind  SEA  was 
washed  with  0.01  M  PBS  with  0.05%  Twcen-20  at  4'’C 
(PBS-T;  washing  luiffer).  The  wells  were  blixked  with  100 
pi  of  0.1%  BSA  in  coating  buf¬ 
fer  lor  60  min.  After  washing, 

50  pi  of  ehiates  from  filter  pa¬ 
per  hlmxl  s|xit  iliscs  anil  50  pi 
of  1:100  venous  scrum  ililuted 
in  0.25'X>  BSA  in  PBS-T  were 

simultaneously  le.steil  in  the 
same  phite  lor  antilxxlies  to 
SEA.  The  test  samples  anil  ap¬ 
propriate  controls  were  incu¬ 
bated  for  2  hours  at  riH»m  tem- 
IXTiiure,  then  washeil  three 
times.  Fifty  )tl  of  alkaline  phos- 
pb.itase  conjuK:ited  anti-hu¬ 
man  IttM  or  It^O  (SiKm:i;  di- 
luteil  :it  1:1000)  were  aildeil 
and  the  pl.ites  incubated  for  I 
hour  at  )7“('.  After  washitru, 

50  pi  ol  substmte  ( I  mj;  par:i- 
nitrophenyl  phosphate  |X'r  nrl 
ol  0.05  M  carlx)n:ite  buffer,  pi  I 
9.8)  were  .adiled  and  the  plates 


incubated  at  37"C  for  30  minutes.  Fifty  pi  of  IN  NaOl  I  were 
used  to  stop  the  reaction.  Optical  densities  (O.IL)  were  read 
in  a  Multiscan  Titcrtek  ELISA  reader  at  405  nm. 

RESULTS 

OMckerboard  titration 

For  the  detection  of  the  assay  limits,  wells  of  ELISA  plates 
were  sensitized  with  50  pi  of  serially  diliiteil  SEA  (0.75-100 
ug/ml)  in  coating  buffer.  Sertim  |xh>1s  obt;iined  Irom  para- 
sitolirKiciilly  confirmed  schistosomi:isis  p:iiients  anil  normal 
healthy  individuals  were  used  at  serial  ililuiionsof  1 :5-I:)200 
in  PBS  to  detex't  anti-SEA  I^M  :ind  lj;G  antiUxlies.  The 
optimum  anti^^en  concentratioir  :mil  .serum  dilution  were 
found  to  lx*  50  un/ml  and  1:100,  respectively. 


Clinical  and  parasitological  characteristics  of  the  study 
population 

Clinical  atxl  parasitoloj’ical  examination  ol  the  siiuly  ;;roup 
revealc*d  44  children,  with  known  history  of  disea.se,  to  have 
spleen  and/or  liver  involvement.  Urine  aiul/or  laeces  weie 
{xisitive  for  schistosome  cn(,’s  u|X)n  the  first  parasitolo^jical 
examination.  Children  ol  this  uroup  were  defiited  ;i.s  chronic 
schistirsomiasis  cases  (uihic  I).  Repeated  parasiiolo)4ical  ex¬ 
amination  of  56  childreit  with  iteitber  history  nor  clinic, il 
symptirms itfschi.stosiMniasis  revealed  .schistosome  ej^^s  in  the 
excreta  of  22  children.  The.se  chantcteristics  favoitred  the 
cateporiziition  of  thisproupat  the 'early' phase  of  si  histositttit- 
ivsis.  Tlte  remaining  34  childreti  were  ittclttded  for  control 
Studies. 


Tabte  1  Characterirtics  of  the  study  groups 


Early  infection 
N=22 

Chronic  infection 

Ns44 

Uninfected 

N=34 

Sex  Male 

3 

36 

15 

Female 

19 

8 

19 

Age  in  years  (range) 

6-8 

8  13 

6  12 

Mean  l  SO 

7.1  ±0.7 

11.31  1.5 

9.1  1  2.0 

5.  haematobium 

Urine  positive 

n=2 

n»12 

- 

Eggs/10  ml  urine  (range) 

2-5 

8-87 

Mean  ±  SEM 

4.0  ±  1.0 

29.3  1  3.2 

S.  mamoni 

Stool  positive 

n-19 

n:=26 

Eggs/gm  stool  (range) 

20-240 

20  600 

Mean  1  SEM 

60121 

141.8129.6 

S.  haematobium  and  S.  mansoni 

mixed  infections 

n*1 

n«  6 

E.  hhtolytka 

n*5 

n.  7 

n=7 

C.  lamblia 

n*l 

n»  5 

ns4 

H.  nana 

Liver  involvement 

Liver  Spleen  involvement 

n»1 

n*  4 

(n»33) 

n>11 

n=S 

1}* 


BLOOD  SPOT  ELUATES  IN  SCHISTOSOMIASIS  DIAGNOSIS 


Anti-SEA  antibody  levels  in  sera  and  eluates  of  dry  blood 
spots 

A  loliil  »>(  66  paired  NiHvimcns  ol  venous  sera  and  eluates  of 
whole  IiKhkI  collecteil  on  filter  pa|H'rs  fr<»m  infected  cirildren 
were  tesieil  in  parallel  lor  levels  of  anti-SHA  aniilxKlies  in  an 
l-LISA  format.  Thirty-four  pairi\l  specimens  from  children 
with  no  eviilencc  ol  schistosomiasis  and  inhahitini'  the  s:ime 
enilemic  area  were  also  tested  aiul  rep<irtcd  as  controls. 
Levels  of  anti-SLA  Ij,^}  aiul  I^M  antilvKlies  in  paired  .samples 
of  venous  sera  ami  filter  pa|x‘r  hlinxl  eluates  were  es.sentially 
identical  (idh/e  2).  The  22  paired  specitiiens«if  sera  ami  LIoikI 
eluates  ol  the  early  .schistosotniasis  children  displayeil  siftni- 
ficatitly  elevateil  levels  of  iinti-SHA  l^M  atitilxxlies  (0.77  ± 
0. 52  ami  0.6H  ±  0.  W  (.^.D.  vahtes,  respc'ctively)  ami  rciluced 
attti-SI'A  IjtCj  levels  (0.52  ±  0.25  ami  0.50  ±  0.25,  respec¬ 
tively).  The  ratios  of  attti-SHA  luMdj^G  O.D.  values  were 
significantly  lower  (p<0.00l)  iti  paireil  siKcitnens  from  the 
chronically  infected  chikiren  than  in  the  early  schistosomiasis 
tjroup  without  statistically  sittnificatit  differences  itt  values 
Ix'tween  paired  .satnples  within  each  uroup. 

Ket^ression  analyses  |X‘rformed  to  compare  O.D.  values  oh- 
taineil  frotn  paired  samples  of  sera  and  hkxKl  eluates  tested  fi>r 
s|X'cilic  antiIvKiies  imiicateil  positive  correlations  Ix-tween 
levels  ol  Inti  (r=0.92,  p<0.00l)  atul  l^M  (r=0.91,  p<0.C)0l) 
antilvKlies  in  paired  s|xx'itnens  ol  the  study  I'mpulatkai  (n=66). 
Sitnilarly,  stronjt  |>ositive  correlatiotts  were  ohtained  Ix-tween 
anti-SKA  lnM:lu<l  ratio  itt  pstired  specituens  frotn  early  schis¬ 
tosomiasis  children  (r=0.65,  p<0.00l)  iiml  chrotiic  Jisciisc 
uroitp  (r=0.S76,  p<0.001),  as  well  as  when  atialysed  ft*r  the 
stmly  |xipulatioti  taketi  tonether  (ti=66;  r=0.91 5,  p<0.00l). 

DISCUSSION 

This  itivestination  was  utidertaken  to  ilelertnitie  the  reliabil¬ 
ity  of  eluates  of  dried  LKhkI  ilrops  from  fittner  stick  otito  filter 
pa|vr  as  an  alternative  to  vetnuts  serutn  samples  for  ELISA 
detection  ol  sihistosotm'-.s|xvific  antilxKlies.  Storatje  ofdriixl 
hliHKl  on  filter  pa|X’rs  lor  up  to  W  ilays  vlUl  not  alter  the 
antilHKly  levels  as  compareil  to  paireil  venous  si'ium  kept  at 
-70°(.L  Further,  anti-SlIA  l>;M  antilxKly  level.s  were  con.si.s¬ 


tent  in  paired  samples  of  LKhkI  eluates  and  sera.  Thess-  results 
are  irt  contrast  to  the  results  ol  others  itKlicatin^  ih.it  .ihsoip- 
tion ofhliKKl  oti  filter  pa|X*r  may  ilestroy  most  of  the  reactivity 
ofl^M  antilxxlies'^aml  thuscould  he  detected  inelii.itesonly 
if  present  at  hijjh  levels  iti  p.itient’s  serum.' 

In  addition,  the.se  results  indicated  a  liif,'h  .sei)sitivii  yol  LI.LSA 
when  SEA  is  used,  at  least  for  the  pur|sose  ol  serm-pi- 
demiolottical  surveys.  Sitnilar  results,  usintte^m  aiiiit;ens,  have 
lx*en  re|xirted  previously  hy  several  invest i^.itors.'  '  ”  '' 
Tlic  |x*ssihility  of  cross-reactions  with  other  p.ir.isiies,  e.^. 
Eiilanux'fvi  liistulyiicu,  Ciiurdiu  liiiiiMiu  and  I  fyiiti'iiuli'/'is  iitiiiii. 
can  lx*  excluded  since  these  parasites  were  comiiion  in  •I?".' 
of  schistosomiasis-free  children  (uihlc  I)  displayint^  necMine 
anti-SEA  ELISA  res|>onscs  (uihic  2). 

Tlie  present  study  also  evaluated  the  use  ol  1^;^1:I^^C  i  .uitiUKly 
ratios  to  SEA  as  a  meatis  of  dillerentiatitit^  early  and  c  I  ironic 
di.seasc.  IWsides  the  clinical  and  |>ar.isiiolof,>ic  al  liiidinc's,  .ind 
in  rctros|x-ct,  two  characteristics  indicate  th.it  this  i.itio  iii.iy 
lx‘  valuahle  in  stai^inj:  children  at  the  early  ph.ise  ol  scliis- 
tcKSomiasis.  First,  the  majority  ol  these  children  were  found  lo 
Ix*  females  (86%,  luMe  I).  Traditionally,  f^irls  at  this  ,i^;e  ilo 
not  come  in  fret|iient  contact  with  can.ils.  Second,  schis¬ 
tosome  etitts  were  deteetc-d  in  lac‘cc‘s  and/or  urine  in  I  2  out  ol 
22  of  the  serologically  inisilive  children  in  this  i:rou|'  on  die 
first  para.siiolo)4ical  screeninn,  while  the  rem.iiiulers  hec.iiiie 
|x>sitive  u|ion  repealed  examinations  (d.iia  not  shown). 

It  is  concluded  that  the  technit|iie  is  jioieniially  siiii.ihle  loi 
defection  of  .scliislosome-sjx-cilic  I).;M  and  lj,>G  aniiUKlies  in 
eluates  of  hlinxl  s|X)tscIried  on  lilier  papers.  As  such,  it  should 
lx;  a  valuahle  epidemiolotjical  Iih>I  lor  Kith  diat^nosis  and 
clinical  staninn  of  .sc  histosomiasis. 

\Vt-  are  ilhlelxcsl  lo  Mis.  I  l.iy.iin  l  .iliil  lor  liei  exo  lloil  sec  iel.iii.il  .issiM.mt  e 
Tliis  work  was  sitp|siriecl  I-y  llie  N.iv.il  Medic. il  Kc-se.iic  ti  .iiid  I  k-c-elopiiieiii 
CcctiiinaiHl,  N.tMt  ,  IV-iIu-sd.i,  Kt.nyl.iiul,  Woik  t  liui  No 

tMltr2770AN70.AQ.  120. 1  lie  opinions  .ind  .issel  lions  c  out  .lined  lic-lein  .11  e 
lire  |srivale  chu-s  ol  die  aiiiliors  .ind  .iie  noi  10  Iv  consinieil  .is  tillu  i.il  01  .is 
rellcslinj;  die  VH’Cvs  ,*l  die  N.is'y  I  V*p.iiiiiiein,  I  V-p.iriiiienl  ol  IVIeiise.oi  die- 
U.S  ( foveriiiiieiii. 


Table  2  Levels*  of  antibodies  to  Srhittotoma  mantoni  egg  antigen  ($EA)*  in  paired  samples  of  blood  spot  eluates  and  sera  of  srhistosnmiasis  children 


IgM 

Serum  Bloixl  eluate 

MeantSO  Range  MeaniSD  Range 

Early  infection 

(n.22)  0.7710.32  (0.30  1.47)  0.68t0.30  (0.32-1.32) 

Chronic 

infection 

(n>44)  0.2010.11  (0.03-0.4S)  0.2010.11  (0.03-0.49) 

Rvalue  <0.001  <0.001 


Uninfected 

(na34)  0.0610.04  (0  01  0  1 1)  0  0710.03  (0  01  0  1 1) 


IgC 

Serum  Blood  eluate 

Meant  SO  Range  MeaniSD  Range 

0.S2t0.2S  (0.14-1.10)  0.5010.25  (0.13  1. OB) 

0.69t0.33  (0.30-1.58)  0.7310.32  (0  37-1.63) 
-0.018  -0.002 

0  0810.04  (O  Ot  0.14)  0.0810  03  (0  02  0  12) 


IgMIgO 

Serum  Blood  eluate 

Mean  I  SO  Range  MeaniSD  Raneje 

1  5810.51  (1  01  2.93)  1  5510  62  (0  73  3  00) 

0.3510  22  (0  02  0  9S)  0  2910  19  (0  04  0  76) 
<0  001  <0  001 


140  *  Represented  by  ELISA  OP  values 
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